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SUMMARY
Korenkov A.: Regeneration of the long bone after implantation into its defect of osteoplastic material «Cerabone®»
Objective: This work is aimed at the morphological study of the dynamics of healing of compact bone tissue defects after implanta -
tion into its cavity of «Cerabone®». 
Materials and Methods: The experiment was conducted on 24 Wistar rats. In the middle third of the femoral diaphysis we created per-
forated defect to the medullary canal in the diameter of 2.5 mm, into which the osteoplastic material «Cerabone®» was implanted.
Fragments of the injured bones were examined on the 60th and the 120th day with the methods of light microscopy with morphomet-
ry and scanning electron microscopy. 
Results: The experimental study found that osteoplastic material «Cerabone®» in the area of the defect does not cause any inflamma-
tory reaction, and adjacent to the site of implantation maternal bone there are lacunae with typical osteocytes. In the area of the de-
fect lamellar bone tissue with a high content of osteoblasts and osteocytes was formed directly on the surface of «Cerabone®». The
number of test material in the area of its implantation within the duration of the experiment remained almost unchanged.
Conclusions: Osteoplastic material «Cerabone®» in the area of compact bone tissue defect shows high biocompatibility, osteoconduc-
tive properties and ensures the stability of defect volume due to the good integration with bone tissue and absence of significant signs
of resorption throughout the period of the experiment. 
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Introduction
One of the major problems faced by podiatrist in their

practice is the tissue regeneration in the area of bone de-
fects, which determines the need to find tools that would en-
sure their complete healing. [1]. Transplantation of the bo-
ne tissue to replace bone defects has a long history, during
which there has been achieved considerable success.

However, because of the high incidence of complications
that may arise after such operations, the interest in the cal-
cium-phosphate osteoplastic materials has increased in re-
cent years [2]. The similarity of the chemical structure of
such materials to bone tissue and relative inertness to biolo-
gical tissues make it possible to widely use these to replace
the lost bone tissue [3,4].
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Osteoplastic drug from the bovine bone «Cerabone®» ap-
peared on the market since January 2002. For this time it
has demonstrated relatively high safety as to allergic reacti-
ons, bovine spongiform encephalopathy and other infecti-
ons. This due to the fact that in the course of its production
it is subjected to deproteinization by calcination at a tempe-
rature of 1 200 C [5]. «Cerabone®» and other drugs based
on bovine hydroxyapatite proved themselves as osteoplastic
materials that are well integrated into the newly formed bo-
ne tissue [6,7] and provide excellent long-term stability of
the defect volume because of the very slow resorption [8,9].
However, studies, on the basis of which the above facts we-
re received, were held at the cancellous bone, and informa-
tion on the impact of osteoplastic material «Cerabone®» on
the dynamics of the healing of the defect of compact bone
tissue in the scientific literature has not been found. Most
studies, devoted to the studies of the «Cerabone®», are con-
cerned with morphological studies, which lack morphome-
tric characteristics of histological preparations and micros-
copic, especially the electron-mi croscopic characteristics of
the tissue-specific structures of regenerate. Therefore the
aim of our study was to investigate the healing process of
the compact bone tissue defect after implantation of osteo-
plastic material «Cerabone®» using histological, morpho-
metric and electron microscopic techniques.

Materials and Methods
The experiment was performed on 24 white Wistar rats

eight months of age with a mean mass of 250 ± 10 g. All
procedures were agreed with the Commission on Biome -
dical Ethics of Sumy State University (Minutes 4/13 of
05.18.2015). The study protocol was in accordance with the
provisions „European Community Directive of 24 Novem -
ber 1986 on the maintenance and use of laboratory animals
for research purposes“. Before surgery, animals were initia -
lly injected with 0.6 mg of acepromazine (2.5 mg per 1 kg
body weight of rat), and in 5 minutes 18 mg of ketamine
(75 mg per 1 kg of rat weight). After the introduc tion of the
animals in anesthesia, we drilled, under aseptic conditions,
the defect to the medullary canal with the diameter of
2.5 mm, this in the middle third of the femoral shaft, using
a portable drill with a spherical cutter at low speed with co-
oling, and without rigid fixation, we filled it with the osteo-
plastic material «Cerabone®» (Botiss, Germa ny registration
number 2012/12810 FES). It is a natural hy droxyapatite of
spongy substance of the tubular bones of cows in the form
of granules (2 mm, Ca/P-1.67), which have a three-dimensi-
onal pore structure (pore size is 200–350 microns) rough
and hydrophilic surface (Fig.  1) [10]. In addition, 1 g of
«Cerabone» contains about 1 mg of bone mor phogenetic
protein-2, with the regulatory action of which the adequacy
of osteogenesis, osteogenic differentiation of precursor cells
into osteoblasts is associated [11].

Before the implantation the granules of «Cerabone®» we-
re moistened in own blood of a rat, which was taken from
the tail vein to fill the pores and remove residues of air from
the material and also to provide more plastic consistency
of the material. After entering into the bone defect of osteo -
plastic material, the wound was tightly stitched with silk 

thread through all layers of soft cover, the seam was treated
with 3% alcohol solution of iodine. Then, during the next 3
days after operation for prevention of septic complications
the after-operation seam was treated with an alcohol soluti-
on of iodine, and for analgesia ketorolac was injected intra-
muscularly at a dose of 0.6 mg 2 times a day. 

After 60 and 120 days after surgery the animals were ta-
ken out of the experiment by decapitation under deep ether
anesthesia with further research of the injured bones by the
methods of light (with morphometry) and scanning electron

Figure 1
The microstructure of osteoplastic material «Cerabone®».

One can see the pores ranging in size 
from 67 to 323 microns. 

Electronic scanning image. X 120 magnification

Figure 2
The area of the femur defect of a rat on the 60th day 

after the implantation of «Cerabone®». 
Remains of osteoplastic material (1) integrated 
into lamellar bone tissue of the regenerate (2).

Haematoxylin and Eosin staining. X 200 magnification
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microscopy, which was performed on the electron micro -
scope „REM 106-I“. Histological cuts stained with hema -
toxylin and eosin, were analyzed in light microscope
«OLYMPUS», photographed with a digital camera. Mor -
phometric analysis was performed using image processing
program „Video-Test“ and „Video-Size“ [12]: we determi-
ned in the area of the defect the relative percentage of bone
tissue and remnants of osteoplastic material as the ratio of
the area of these components (%) to the total area of the  site

of the defect (100 %). In addition, we investigated the state
of the structure of the adjacent to the site of implantation
maternal bone in order to establish or refute postoperative
complications due to the presence or absence of signs of
necrobiosis and necrosis of osteocytes [13]. The obtained
values were processed statistically calculating the mean va-
lue (M) and standard error (SE). The significance of diffe-
rences between comparable indicators was evaluated using
Student t-test with the use of statistical computer program
MS Excel XP. The differences were considered significant
at p < 0.05 [14].

Results 
On the 60th day of the experiment the site of the defect

without evidence of inflammation was filled with newly-
formed bone tissue of regenerate and integrated into its
structure remains of «Cerabone®». Here, osteoplastic ma -
terial and bone tissue occupied 40.81  ±  1.69% and
59.19 ± 1.69 % of the total area of the defect, respectively.
At the time of observation the connective tissue in the area
of the defect was not detected, and the bone tissue of the re-
generate had a lamellar structure and contained in its com-
position secondary osteoblasts and osteocytes (Fig. 3). The
formation of bone tissue with the generated osteons occur-
red directly on the outer surface of the «Cerabone®», but in-
side the remnants of the implanted material osteogenic cells
and foci of osteogenesis were not found. As part of the pa-
rent bone adjacent to the implant site of «Cerabone®» there
were observed typical osteocytes with long spikes. 

On the 120th day of the experiment a significant portion of
the defect was occupied by the remains of osteoplastic ma-
terial «Cerabone®», which after hematoxylin-eosin staining
had a greenish color and were fully integrated into the new-
ly formed bone tissue of regenerate (Fig. 4). The latter was
formed directly on the outer surface of the implant, had a la-
mellar structure and contained in its composition a signifi-
cant amount of secondary osteoblasts and osteocytes (Fig. 5).
In this case, inside the residues of osteoplastic material as
on the 60th day of the experiment, there were found neither
osteogenic cells nor osteogenic foci. The area, which was in
the area of the defect occupied by the osteoplastic material
was 38.78 ± 1.48 %, while area occupied by bone tissue was
61.22 ±1.48 %.This was insignificantly less (p > 0.05) in the
first and greater (p < 0.05) in the second case compared with
the previous period of observation. Signs of inflammation
in the area of implantation of osteoplastic material
«Cerabone®» were not found, and in structure of the parent
bone, as in the previous observation period, there were typi-
cal osteocytes.

Discussion
The performed study found that the osteoplastic material

«Cerabone®» has high biocompatibility, as evidenced by the
absence of inflammatory reaction in the area of the defect
and the presence of parent bone of lacunae with typical os-
teocytes adjacent to the site of implantation. Furthermore,
«Cerabone®» in the area of the defect showed osteoconduc-
tive properties, and also good integration with the bone tis-

Figure 3
The area of the femur defect of rat on the 60th day 

after the implantation of «Cerabone®». 
Secondary osteoblasts (1) and osteocytes (2) 
in the bone tissue, which was formed directly 

on the sur face of osteoplastic material. 
Electronic scanning image. X 3000 magnification

Figure 4
The area of the femur defect of a rat on the 120th day 

after the implantation of «Cerabone®». 
Remains of osteoplastic material (1) integrated 
into lamellar bone tissue of the regenerate (2).

Haematoxylin and Eosin staining. X 200 magnification
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sue of regenerate as evidenced by tissue growth directly on
the outer surface of osteoplastic material. In this case, at
60–120th day after implantation of «Cerabone®» the newly
formed bone tissue was mature as evidenced by formed os-
teons and also typical secondary osteoblasts and osteocytes
in its composition. It should also be noted that throughout
the whole period of the experiment the number of osteo-
plastic material «Cerabone®» in the area of its implantation
remained almost unchanged. Research work of other aut-
hors report on a slow resorption of osteoplastic materials
from bovine bone, but it has been so far demonstrated on the
cancellous bones and jaws. Mordenfeld et. al. and Sartori
et. al. [15, 16] discovered the remains of osteoplastic mate-
rial in the upper jaw of people in 10–11 years after its im-
plantation. At the same time using histological and morp-
hometric analysis they showed that the rate of resorption of
the implant and its replacement by a newly formed bone tis-
sue is 3.55 % per month in the first two years and 0.58 % in
subsequent years. In our study, we did not observe any re -
liable signs of resorption of «Cerabone®» in the defect of
dia physis of the femoral shaft of rats. This fact was con -
firmed by measuring the residual area of osteoplastic mate-
rial that between the 60th (40.81  ±  1.69  %) and 120th

(38.78 ± 1.48 %) day almost did not change, which enabled
using «Cerabone®» to ensure the stability of volume of the
defect throughout the period of the experiment.

Conclusions 
Thus, osteoplastic material «Cerabone®» in the area of the

compact bone tissue defect shows a high biocompatibility,
osteoconductive properties and ensures the stability of the
volume of the defect due to the good integration with bone
tissue of regenerate and the absence of reliable evidence of
resorption on the whole period of the experiment. 
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Figure 5
The area of the femur defect of a rat on the 120th day 

after the implantation of «Cerabone®». 
Osteocytes in a lacuna of bone tissue of regenerate,

which is formed directly on the sur face 
of osteoplastic material. Electronic scanning image. 

X 5000 magnification
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